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Kunapajala, a fermented liquid from animal wastes has been used as manure since ancient times. Using this indigenous 
knowledge, fermented manure, Gunapaselam (in Tamil, Indian language), was prepared using fish waste and jaggery. An 
attempt was made to characterize Gunapaselam (GP) by measuring biological oxygen demand (BOD), chemical oxygen 
demand (COD), crude protein, lipid, minerals and amino acid content. The microbial status of the fermented manure was 
also enumerated. Phytotoxicity analysis was performed to scientifically validate its manurial potential. Changes in the pH, 
glucose, lactic acid, ethanol and acetic acid contents were recorded for first 5 days till the pH dropped to 4.0. The results 
show that during the course of fermentation, glucose concentration decreases with concomitant increase in the concentration 
of lactic acid, ethanol, and acetic acid. The analysis reveals the presence of macro, micronutrients and essential amino acids 
in Gunapaselam that could promote plant growth. Gunapaselam preserved permissible limits of BOD and COD levels. 
Microbial analysis proved the preparation was free from spoiling microbes. The highest germination index achieved from 50 
fold diluted Gunapaselam. The data obtained confirmed the manurial potential of Gunapaselam which could restore the 
fertility of the soil deteriorated by chemical fertilizers.  
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The increased demand for food, land scarcity and 
poor farming practices have compelled intensive 
agriculture requiring the use of synthetic fertilizers. 
All over the world, the use of chemical fertilizers has 
become essential to enrich the soil with nutrients and 
this has helped to combat hunger and death but 
leaving dangerous imprints. Organic farming by 
recycling the organic waste is the only suitable 
alternative strategy to promote agro-ecosystem health. 
The fishery is one among the vibrant commercial food 
export sectors in India and source of income and 
livelihood for the underprivileged community. India 
occupies the second place in the global production of 
fish with 5.68%. Currently, the consumption of fish 
was on rising accounting for 140.4 million tons of 
global production. Out of which nearly 25% (34.8 
million) are generally discarded without use1 due to 
the low consumption, small size, and appearance.  
 From Vedic times we were taught how to yoke 
with nature to improve the quality of food and human 
health. Many chemists, expert scholars and soil 
scientists from western countries have acknowledged 
the traditional agricultural practices followed by 
Indian farmers. Traditionally, farmers are producing 
organic manure to increase their crop yield by using 
the available resources like cow dung, cow urine, 
farmyard manure, crop residues, dried leaves, weed 
residues and biofertilizers. Vrikshayurveda which 
speaks about better yielding healthy plants compiled 
by Surapala around 1000 AD in Eastern India and in 
Lokopakara compiled by a poet Chavundaraya in 
1025 AD in Karnataka, Southern India2 there was a 
mention about a liquid manure ‘Kunapajala’. Flesh, 
blood, and wastes of animals were fermented and 
applied as fertilizer. This was practiced since ancient 
times in India and well documented as ‘Kunapajala’ 
(in Sanskrit - Indian language). 
 The immense fertilizing potential as evident by the 
improved growth, reproductive traits, and yield of 
many crops were seen after Kunapajala application. 
The raw materials used for Kunapajala were flesh, 
blood, marrow, skin, fat, brain and excreta of animals 
including sesame oil cake, ghee, honey, husk and black 
gram2. Later based on the availability of the raw ————— *Corresponding author 
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materials and associated legal issues, considerable 
flexibility was made in the composition and proportion 
of Kunapajala preparation.  
Despite rich agricultural applications, the 
importance of Kunapajala does not come into 
limelight until Valmiki Sreenivasa Ayangarya 
experimented and documented the effects on various 
trees and plants. He prepared different Kunapa 
products like herbal Kunapa using mango & soapnut, 
manujala with human urine, sasyagavya by using 
herbs, indsafari with safari fish, kukkutakunapa using 
chicken and mushina kunapa using rats2. The 
manurial potential of Kunapajala was proved in senna, 
langali, mango, coconut, chilly, kiwi, brinjal and paddy3 
but the proper characterization was not done. 
With the rich indigenous knowledge on Kunapajala, 
a similar type of liquid manure, Gunapaselam was 
prepared using fish waste and jaggery4. Even though it 
has been used for the cultivation of vegetables, still no 
records were found about the complete characterization 
of Gunapaselam. The present investigation focuses on 
the natural fermentation of fish waste by using jaggery 
as the carbohydrate source and to scientifically prove 
the validation of fermented product Gunapaselam, as 
fertilizer by phytotoxicity test. 
 
Methodology  
 Raw material and fermentation of fish waste 
Fish waste (irrespective of species type) comprising 
of the gut, head, scales etc collected from fish market at 
Vanagaram, Chennai, Tamil Nadu, India. Fermentation 
of non sterilized fish waste was carried out in a 7.5 L 
plastic container without the addition of any 
commercial starter microbial culture or enzymes. Fish 
wastes (1 kg) were minced well and mixed with finely 
powdered jaggery (1.5 kg) and distilled water (5 L) and 
maintained at room temperature of 25°C4. Three 
replicates were maintained. Every day the fermentation 
mixture was measured for pH using digital pH meter 
(Elico make), glucose, ethanol, lactic acid and acetic 
acid content till the pH reached 4. Proper mixing 
ensured to supply oxygen and to vent out the released 
CO2. The preparation was left for 15 days and filtered 
through gauze (1 – mm2 mesh) to separate the solid 
particles. The filtrate was stored in a closed container 
and subjected to biochemical and microbiological 
analyses.  
 
Physiochemical analysis 
The fermented fish broth sample was collected for 5 
days and the pH was measured using digital pH meter. 
The sample was centrifuged at 13,000 g for 10 min at 
4°C to separate suspended particles. Then 2 mL of the 
clear liquid was dissolved with HPLC grade milli-Q 
water and made up to 25 mL in a volumetric flask and 
sonicated for 2 min. The sample was then filtered by 
Whatman nylon filter (0.45 mm) to remove the 
insoluble particles and used for the assay of fermented 
products. The sample was analyzed for glucose, lactic 
acid and acetic acid by HPLC and ethanol by GC for 5 
days from the day 0. Lactic acid and acetic acid content 
in the fermented fish broth was determined by using a 
mixture of Acetonitrile: 25 mM phosphate buffer 
buffer (adjusted to pH 2.5 by H3PO4) (12:88) as mobile 
phase with a flow rate of 1 mL/min5. The analyses 
were carried out isocratically at a flow rate of 1 
mL/min, injection volume of 20 µL and employing 
acetonitrile: water (79:21) as mobile phase for 
estimation of glucose content6. 
Ethanol content in the fermented fish broth was 
analyzed by Gas Chromatography (GC) method. 
Separation of compounds was conducted on a fused 
silica column as stationary phase using helium as 
carrier gas. The flow rate was 2 mL/min, the injector 
temperature kept at 200°C with a split ratio of 1:20 
whilst the GC–MS detector temperature was 280°C. 
The oven temperature was programmed as follows: the 
column was held initially at 40°C for 12 min, then 
increased to 240°C till 32 min and held at that 
temperature for 10 min7 more. 
 
Proximate Analysis 
The fermented fish waste evaluated for BOD8, 
COD9 and constituents like crude protein10 and lipid11. 
The levels of nitrogen, phosphorus, potassium, calcium 
and magnesium were determined12. The ash content 
was also estimated13. 
The total amino acids in the fermented fish waste on 
15th day was analyzed by HPLC using a mixture of 20: 
80 (Acetonitrile: 25 Mm Potassium Phosphate pH 3.3) 
as mobile phase at the flow rate of 1 mL/min, 
temperature 38ºC and detection wavelength of 220 nm14.  
All the samples were run in triplicate. All the 
chromatographic data of all the analysis were recorded 
and calibrated with the respective standard graphs. 
 
Microbial analysis 
Microbial counts for total bacteria, lactic acid 
bacteria (LAB), yeast, mold and hazardous microbe 
fecal coliforms in Gunapaselam were determined. For 
microbial count, 1 mL of the sample was diluted with 
9 mL of autoclaved distilled water, then serially diluted 
and analyzed by plate count method. Aliquots of 
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serially diluted samples were plated on nutrient agar 
medium and incubated at 30ºC for 48 h to determine 
the total bacterial count8. Lactic acid bacteria were 
enumerated by incubating the sample in Lactobacillus 
MRS agar at 30ºC for 48 h15. The counts of mold and 
yeast were enumerated by spreading 0.1 mL of the 
sample on potato dextrose agar maintained at 25ºC for 
5 days. Microbial counts are expressed as log of 
colony-forming units per mL of the fermented fish 
waste (log (CFU/mL))16. The multiple-tube 
fermentation (MTF) technique includes three tests – 
presumptive (lauryl tryptose broth), confirmatory 
(brilliant green bile broth) and completed test (eosin-
methylene blue agar) for enumeration of total coliform 
bacteria and fecal coliform bacteria8 was followed and 
the results were expressed as log (MPN/mL). 
 
Phytotoxicity test  
The in vitro phytotoxicity test was performed by 
seed germination method using Vigna radiata (mung 
bean). The experimental groupings were: Group I – 
Water control; Group II – 1:25 diluted Gunapaselam; 
Group III – 1:50 diluted Gunapaselam; Group IV – 
1:75 diluted Gunapaselam; Group V – 1:100 diluted 
Gunapaselam; Group VI – 1:150 diluted Gunapaselam 
and Group VII- 1% Urea (commercial fertilizer). 10 
mL of the water/diluted Gunapaselam/1% urea was 
added to sterile petri plates lined with Whatman #1 
filter paper. Then ten seeds of Vigna radiata were 
placed equidistant in the petri plate. The plates were 
incubated at laboratory condition for 72 h. The 
percentages of germination index (GI) of the treatment 
groups (3 replicates) was calculated with reference to 
relative seed germination (RSG) and relative root 
growth (RRG) and) by using the following formula17.  
 
RSG (%) = (Number of seeds germinated in test 
sample/Number of seeds germinated in 
control)*100 
RRG (%)  =  (Mean root length in the test sample/Mean  
root length in control)*100 
GI (%)   = (RSG × RRG)*100 
 
Statistical analysis 
All data are reported as a mean ± standard error of 
the mean. Statistical analysis was done using SPSS 
12.0 for windows package. 
 
Results and Discussion 
 Production of liquid fertilizer 
Fish waste in the fermented mixture starts to 
liquefy due to the action of proteases present in the 
fish and also due to acidity18. In the present study 
maximum liquefaction of solid waste was attained as 
evidenced by the presence of only 7.12% of residues 
remaining after filtration (Table 1). This shows that the 
proportion of fish waste: jaggery added was efficient for 
optimal fermentation. A similar reduction in solid 
residues was obtained after ensiling fish waste with 
molasses (1:1 w/w)19. The pH profile was used as the 
indicator of the course of fermentation. In our study, the 
pH was 6.98±0.03 on the day 0, decreased slowly and 
reached a stable value of 4.15±0.01 on day 4, indicating 
complete fermentation probably by the natural 
acidifying microbes in the fish offal/jaggery (Fig. 1). 
Similar pH reduction to 4.5 from 6.5 was obtained when 
non-inoculated fish waste was fermented with 50% 
sugarcane molasses20. Fermentation at ambient 
temperature also plays a vital role in pH reduction. It 
was observed that fermentation carried out at 25ºC or 
35ºC significantly increased the lactic acid bacteria 
count18.  
In our study, effective fermentation by LAB species 
was evidenced by the increase in the consumption of 
glucose along with a proportionate decrease in glucose 
Table 1 — Characterization of Gunapaselam on day 15 
Parameter Character/Amount 
pH 4.15±0.01 
Colour  Light Brown 
Odor Pleasant Smell 
Solid residues 7.12% 
Biological Oxygen Demand  
(3 days @27ºC) BOD(mg/L) 
52±0.13 
Chemical  Oxygen Demand  
(3 days @27ºC) COD (mg/L) 
216±1.4 
Crude Protein (%w/w) 9.34±0.10 
Crude Lipid (%w/w) 0.993±0.08 
Data are expressed as mean±SEM (n=3) 
 
  
Fig. 1 — pH profile of fish waste during fermentation period (0 to 
4 days) 
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level from day 0 to day 4 (115.6±2.31 mg/mL) as 
represented in Fig. 2. This report is further supported by 
a concomitant increase in the production of lactic acid, 
acetic acid and ethanol (Fig. 2). Heterofermentative 
LAB breaks down glucose to produce lactate, ethanol, 
and CO2 as end products. Fermentation of lactate and 
citrate or metabolism of amino acids by bacteria leads to 
acetic acid production. The hexose was utilized by  
6-phosphogluconate pathway producing a higher 
amount of lactic acid (356.7±1.4 mg/mL), acetic acid 
(21.9±0.91 mg/mL) and ethanol (404.6±1.43 mg/mL) 
(Fig. 2). The appearance of bubbles on the surface was 
noticed by 15 h due to the release of CO2 and production 
of ethanol converts the stinky fish odor to pleasant 
sensory smell. The production of acetic acid may be due 
to another AA-producing microorganism in the fish 
waste or conversion of lactic acid to acetic acid during 
glucose exhaustion as observed in L. mesenteroides and  
L. plantarum species21. Mixing the fermentation broth 
daily ensures an adequate supply of oxygen which was 
found to be a critical factor in aerobic degradation and 
oxidative metabolism of cells22. A similar increase in the 
organic acid content was produced by lactobacillus 
during fermentation23.  
 
Chemical analysis 
BOD and COD indicate the organic matter and 
nutrient content of waste materials. BOD is a measure 
of the oxygen consumed by microbes to decompose 
the organic content. Nitrates, phosphates and other 
organic nutrients may contribute to the high BOD 
levels. The amount of oxygen required to digest the 
organic matter using oxidizing agents instead of 
microbes is COD. The BOD and COD of 
Gunapaselam were 52±0.13 mg/L and 216±1.4 mg/L, 
respectively as listed in Table 1. Untreated organic 
wastes are rich in organic matter and nutrients. Such 
untreated waste when applied to soil will have 
adverse effects like increase of pCO2, temperature and 
organic acid formed during decomposition will lead to 
immobilization of plant nutrients24. Hence treatment 
like fermentation and storage for a time period is 
essential for stabilizing the product. In the present 
study, BOD and COD of Gunapaselam are within the 
permissible limits of 40–500 mg/L and 80–600 mg/L 
of wastewater for agricultural reuse25. A mild increase 
in BOD and COD level will not affect soil property as 
they are easily degraded by soil microbes24.  
 Besides organic matter, fish waste contains an 
appreciable amount of nutrients like N, P, K, Ca, Mg 
which can be utilized by the plants. The Gunapaselam 
is rich in nitrogen (1.49±0.02%), phosphorus 
(0.52±0.01%), potassium (0.48±0.02%), calcium 
(0.40±0.03%) and magnesium (0.28±0.01%). These 
macro and micronutrients are essential for the 
vegetative growth, fruit and flower development and 
disease resistance of plants. Dilution of treated waste 
is essential as they are toxic in concentrated form. 
This will surely reduce the dependence or completely 
replace the need for inorganic fertilizer. Thus this will 
be the best eco-friendly way to harness the full 
potential benefits from fish waste. 
 Moisture, crude protein (CP), crude lipid (CL) and 
ash content of the Gunapaselam (% wet weight basis) 
are shown in Table 1 & Table 2 respectively. The 
composition of the fermented fish waste will vary 
based on the source and species, sex, nutritional 
status, age, and health. The composition of most of 
the fish shows 15-30% protein, 0-25% fat and 50-80% 
moisture26. Loss of soluble nitrogen was prevented by 
using unsterilized fish waste18. The ash and mineral 
content was due to the degradation of fish bones27. 
 
  
Fig. 2 — Concentration of glucose, lactic acid, acetic acid and
ethanol detected for 5 days (From 0th to 4th day) during the
fermentation fish waste 
Table 2 — Mineral content of Gunapaselam on day 15 
Parameter Amount 
Moisture (%) 73.60±1.8 
Nitrogen (Kjeldahl) (%) 1.49±0.02 
Phosphorus (%) 0.52±0.01 
Potassium (%) 0.48±0.02 
Calcium (%) 0.40±0.03 
Magnesium (%) 0.28±0.01 
Ash (%) 5.83±0.01 
Data are expressed as mean±SEM (n=3) 
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A suitable balance of amino acids is essential for 
the growth of the plants. The amino acid profile of 
Gunapaselam at the end of the experimental period is 
presented in Table 3. The result shows the presence of 
essential amino acids like arginine, threonine, valine, 
isoleucine, methionine, leucine, lysine and tryptophan 
in the fermented fish waste. The fish protein contains 
nearly 16-18 amino acids in a well-balanced form 
which are derived by microbial proteolysis. The 
composition of alanine, cysteine, and serine was 
found low. Reduced amount of serine while 
fermenting wool waste28 and alanine29 during 
fermentation of fish meal waste water, have been 
reported. The amino acid forms the active fraction of 
organic matter in a fertilizer and amino acids like 
methionine serve as the precursor of many plant 
growth regulators30. Plants could take up amino acids 
directly through the transporters during limited 
nutrient supply. The composition of nitrogen, 
phosphorus, potassium and essential minerals like 
calcium & magnesium and amino acids makes it 
suitable to be utilized as bio-fertilizer in agriculture, 
horticulture and aquaculture fields.  
 
Microbial count 
The microbial populations of total bacteria,  
LAB, yeast and mold in Gunapaselam was found to 
be 6.77±0.02, 4.14±0.01 and 2.24±0.01 (log 
(CFU/mL)) respectively (Table 4). The total and fecal 
coliforms counts were 0.30±0.01 log (MPN /mL) and 
nil (Table 4). Presence of harmful microbes was 
reduced/removed after fermentation when fish waste 
was treated with L. acidophilus20 and slaughterhouse 
blood31. Products of LAB metabolism like hydrogen 
peroxide, diacetyl and bacteriocins contribute to the 
preservation property of Fish silage32. The reduction 
in the coliform count after fermentation was due to 
the acidic pH generated which prevents pathogenic 
microbes like Salmonella and Clostridium 
botulinum33. 
The increase in the total bacterial and LAB count 
after ensiling process showed that the condition of the 
fermentation broth favors their growth. Fish waste 
serves as a potential source for many microbes 
particularly LAB, enterobacteria, enterococci, yeast 
and molds and the supplemented carbohydrate source; 
jaggery might be responsible for the increase in the 
total bacterial load in the fermented broth. Similar 
results were reported in Panchakavya, that the total 
microbial load was 1.08 X 104 CFU/g34. From the 
results, it is understood that without the addition of 
any commercial inoculums or enzymes, natural 
fermentation can be achieved by LAB species that 
persisted throughout and were found to be the 
dominant species at the end and  Gunapaselam 
produced is free of pathogenic and spoilage microbes.  
 
Phytotoxicity assay 
Improperly decomposed waste materials when 
applied to soil induce high microbial activity thereby 
reducing the soil oxygen content and also limit the 
availability of nitrogen17. Phytotoxicity of treated 
waste can be determined by in vitro seed germination 
test by using different plant species and by assessing 
the effect on seed germination %, plant length, root 
length and plant biomass. Gunapaselam is found to be 
rich in nutrients and minerals favorable to stimulate 
the plant growth and improve soil characteristics, but 
it has some limitations due to some of the products 
Table 3 — The amino acid composition of Gunapaselam on day 1
Parameter Amount (mg/100 g sample) 
Aspartic acid 124.2±1.7 
Glutamic acid 247.8±0.98 
Asparagine 330.69±0.51 
Serine  2.3±0.01 
Glutamine 145.6±0.13 
Glycine 203.5±0.17 
Threonine 34.6±0.03 
Arginine 129.7±0.14 
Tyrosine 306.7±0.73 
Histidine 129.5±0.51 
Valine 356.7±0.75 
Methionine  297.4±0.37 
Isoleucine 705.7±0.64 
Phenylalanine 291.7±0.55 
Leucine 394.8±0.92 
Lysine 703.7±0.46 
Proline 298.8±0.57 
Tryptophan 123.6±0.79 
Alanine In traces 
Cysteine In traces 
Data are expressed as mean±SEM (n=3) 
Table 4 — Microbial population dynamics of Gunapaselam on 
day 15 
Microorganisms Day 15 
Total bacterial load Log (CFU / mL) 6.77±0.02 
Lactic acid bacteria Log (CFU / mL) 4.14±0.01 
Yeast and Mould Log (CFU / mL) 2.24±0.01 
Total Coliforms Log (MPN / mL) 0.30±0.01 
Fecal Coliforms Log (MPN / mL) Not Detected 
Data are expressed as mean±SEM (n=3) 
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released during fermentation like organic acids, 
ammonia, amino acids, and peptides. So the 
phytotoxicity of Gunapaselam was examined at various 
dilutions and compared with that of commercial 
fertilizer, urea.  In this study germination index (GI) of 
the fermented fish, waste was 41.77±2.06% at 25 fold 
dilution (Table 5 & Fig. 3). This shows the adverse 
effect of fermented waste on root growth attributed to 
the high concentration of ammonia and organic acids35. 
Similar sensitiveness was observed in Lepidium sativum 
when treated with sewage sludge36.  
At 50, 75, 100 and 150 fold dilutions the GI value 
was found to be increased as 71.34±0.62, 120.34±1.2, 
142.68±0.68, and 143.36±2.75% respectively. GI value 
below 50% reveals the phytotoxic nature of the treated 
waste and above 125% the recycled waste can be 
considered as phytonutrient and phytostimulant37. Grape 
marc after microaerobic treatment has proved to be a 
stimulator of ryegrass growth with GI value>125%38. It 
was confirmed from the results that Gunapaselam is not 
phytotoxic from 50 fold dilution onwards and hence it 
can be used as a liquid fertilizer. Since the GI value 
exceeds 125% (at 100 and 150 fold dilution) can also be 
used as bio-stimulant. Thus the idea of recycling the fish 
waste through efficient fermentation technique as 
fertilizer will reduce the pollution effects, prevents the 
loss of nutrients and curtail the escalating price of 
fertilizer production.  
 
Conclusion 
The present study proves that fish waste can be 
naturally fermented by using jaggery without adding 
commercial enzymes and microbes. It also revealed 
that fermentation is an appropriate technique to 
transform the fish waste into nutrient-rich liquid 
fertilizer. The level of glucose, lactic acid, acetic acid 
and ethanol confirms the major role of lactic acid 
bacteria to ferment fish waste. The goodness of 
Gunapaselam is characterized by low BOD, COD 
levels and also free from spoilage microbes. It is 
found to contain proteins and amino acids along with 
important plant nutrients like nitrogen, potassium, 
phosphorus, calcium, and magnesium. Phytotoxicity 
study by petri plate assay method confirms the 
manurial potential of Gunapaselam from 50% dilution 
onwards. The results confirm that Gunapaselam is 
suitable for agricultural use. Thus recycling and 
reusing of fish waste may result in converting a waste 
into a value-added product. 
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